INTRODUCTION
============

Neurological soft signs (NSS) are very common in children with the attention deficit hyperactivity disorder (ADHD) in all ages, and their presence decreases with age.[@B1] The classical definition describes NSS as a non-normative performance on a neurological examination of motor and sensory functioning in the absence of a focal lesion.[@B2] The typical manifestations of NSS are poor coordination, speed or accuracy of limb or axial movements, including those required to keep balance, dysrhythmias and overflow.[@B3] Despite several decades of research, the origin of NSS is not clearly known and it is interpreted by abnormalities in the motor system, reflecting immaturity of neural networks.[@B4] Although specific anatomical localization is not clearly defined, \"network inhibition hypothesis\" points out the central role in their interconnections among basal ganglia, cerebellum, cerebral cortex and dopamine neurotransmission which inhibit voluntary movements.[@B5] Importantly, NSS is commonly observed in younger, developing children, while its persistence into later childhood and adolescence is pathological and have been associated with a number of neuropsychiatric and behavioral disorders such as ADHD, learning disabilities, the obsessive compulsive disorder (OCD), depression, and the conduct disorder.[@B1][@B6] The presence of NSS is traditionally considered to be stable during its lifespan; however, the Lerer and Lerer study[@B7] referred to NSS improvement during treatment with psychostimulants.

The objectification of NSS is possible through several standardized examinations such as the Examination of a Child with Minor Dysfunction,[@B8] Movement Assessment Battery for Children,[@B9] the Physical and Neurological Examination of Soft Signs-PANESS,[@B10] which was later revised,[@B11] or one of the newer ones-the Zurich Neuromotor Assessment.[@B12] However, most of the NSS studies in ADHD is realized by 21 items The Revised Neurological Examination of Soft Signs (revised PANESS). Patankar et al.[@B1] found the presence of NSS in 84% of children with ADHD. In a large study, Ferrin and Vance[@B13] confirmed a higher incidence of NSS in patients with ADHD compared to healthy children and adolescents.

The first line treatment for ADHD is currently considered to be a stimulant methylphenidate (MPH) which is relatively well-tolerated with the exception of its possible adverse effect on sleep parameters.[@B14][@B15] The first pioneer study found the improvement or complete resolution of NSS in 40 children after a 60-day treatment with methylphenidate.[@B7] The positive effect of MPH on writing and fine motor skills in general was repeatedly presented.[@B16][@B17][@B18][@B19] However, none of the mentioned studies examine the correlation of the methylphenidate dose on treatment outcomes, not even the interaction between the dose of MPH and the improvement of NSS.

Therefore, the aim of this study was to assess the effect of methylphenidate on neurological soft signs and attention deficit hyperactivity disorder symptomatology depending on the dose of methylphenidate in children suffering from the attention deficit hyperactivity disorder.

METHODS
=======

Subjects
--------

The study included 35 children who were hospitalized in the Department of Psychiatry at the University Hospital in Martin between September 2012 to December 2013 with ADHD diagnosis. Patients were diagnosed according to DSM-IV-TR after being admitted to hospital by a child psychiatrist. Subsequently, every patient was examined by two independent specialists for ADHD diagnosis confirmation. The inclusion criteria were as follows: ADHD RS-IV score of ≥28 before treatment; no history of neurological treatment, cramps or unconsciousness anamnesis; and no co-medication except benzodiazepines within short-term therapy. All ADHD patients were MPH naïve, without a prior history of MPH treatment.

Strict exclusion criteria were used for the participants: no comorbid mental disorders; without neurological, endocrinological, metabolic, cardiovascular or other somatic diseases; without any psychotic symptoms; and no voluntary or involuntary/behavioral symptoms potentially influencing the neurological status of ADHD patients. Twelve patients had mild transient symptoms of oppositional defiant disorder (ODD) in anamnesis which were not confirmed by detailed examination and did not meet the criteria of ODD according to DSM-IV-TR.

The study was approved by the Ethics Committee of the Jessenius Faculty of Medicine in Martin, Comenius University in Bratislava, the Slovak Republic. All the procedures performed in our study were in accordance with the ethical standards of the institutional and national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. All children/patients/guardians were carefully informed about the study protocol and informed written consent was obtained from them to participate in the study prior to examination.

Drugs
-----

All participants were treated by orally by extended-release methylphenidate according to the Summary of Product Characteristics, the State Institute for Drug Control, the Slovak Republic. We strictly used the guidelines of treatment recommendations which define the increase of the MPH dose according to the change in ADHD symptomatology. The drug was administered once a day in the morning and the therapy started with the lowest dose, specifically 5-10 mg for younger children (6-10 years), 10-20 mg in older children (11-17 years). The final dose was specified during the first week of hospitalization and over the remaining time it was kept unchanged. This end-point dose was also calculated in mg/kg.

Protocol
--------

The degree of symptomatology of disease was scored twice by the ADHD RS-IV parent version questionnaire,[@B20] which was evaluated by a psychiatrist. The first time the questionnaire was filled in during a physical admission examination, and the second time after four weeks of therapy with methylphenidate. The improvement of hyperactivity symptomatology after treatment was specified by the difference of these two scores in every patient.

Neurological soft signs were assessed analogically in the patient twice. The first examination was performed before the treatment adjustment and the second was repeated after four weeks of MPH medication. The assessment of NSS was realized by the Revised Neurological Examination for Subtle Signs[@B11] which consists of a battery of simple tasks e.g., walk on your heels, hop on one foot, toe tapping, hand pronate/supinate, tongue wagging, place index finger on nose with eyes closed, standing with eyes closed, mouth open and tongue protruding etc. The examination focuses on the assessment of laterality, balance, gait, motor persistence and timed repetitive and patterned movements.

Lateral preference was defined as right, left and mixed. During the examination we recorded the number of errors as the prolonged time needed to complete the task, a small number or failure to do the required movements, overflow movements (e.g., flection of the hand and wrist while the child walks on its heels, toes and sides of feet), awkwardly posturing arms, choreioform movements, dysrhythmia, dysmetria or tremor.

The tasks were assessed based on the age of the child, which means some errors were scored or not scored (e.g., we did not score overflows with any repetitive movement in children younger than 7 years).

Finally we obtained the patient\'s laterality and 12 main values, namely the gait and balance total error score, dysrhythmia (quality of movement) errors, the impersistence score, the involuntary movement score, the repetitive speed of movement score, the patterned (sequenced) speed of movement score, overflow with gaits, overflow with repetitive timed movements, overflow with patterned (sequenced) timed movements, overflow in-excess-for-age, total overflow and the asymmetrical error score. From many of these values other \"sub-values\" are derived due to the right and left side or age. The first 11 values and their sub-values were compared before and after treatment while the asymmetrical error score was assessed according to the patient\'s laterality. NSS improvement after treatment was specified by the difference of all errors in neurological examination before treatment and all errors in neurological examination after treatment.

Statistical analysis
--------------------

Statistical analysis was performed using the statistical software package SYSTAT 10 for Windows (SSI, Richmond, CA, USA). The Student\'s paired t-test was used for the parameters with Gaussian distribution and the Wilcoxon test was used for data with non-gaussian distribution to assess the changes in ADHD symptomatology and NSS before and after treatment. The correlations between variables were performed using Spearman and Pearson correlation. Specifically, the relationship was analyzed between MPH dose and ADHD improvement, between MPH dose and NSS improvement, and between ADHD improvement and NSS improvement. Correlation analysis was also used within NSS evaluation, specifically for the study of the relationship between the asymmetrical error score and the patient\'s laterality, twice-before and after treatment. ADHD improvement was quantified as the difference in score in the ADHD RS-IV parent version questionnaire before and after treatment, and NSS improvement was quantified as difference in all the errors in revised PANESS before and after treatment. The p-value\<0.05 was considered statistically significant. The data are expressed as the mean±SD.

RESULTS
=======

Our studied sample of 35 ADHD patients consisted of 29 boys and 6 girls aged between 6 and 17 years (the mean age 11±2.12 years). 23 children were identified with a normal IQ, 8 patients subnormal and 4 patients with mild mental retardation. The dose of MPH used was from 0.104 mg/kg to 1.364 mg/kg with an average of 0.424 mg/kg.

ADHD symptomatology
-------------------

The ADHD RS-IV score decreased in the majority of patients (n=32) after a 30-day treatment of methylphenidate while in three patients it increased. Statistically, the manifestation of ADHD symptomatology significantly decreased from a mean value of 35.9 scores before treatment to a mean value of 24.2 scores after treatment (p=0.0001) ([Figure 1](#F1){ref-type="fig"}).

Neurological soft signs
-----------------------

All 35 patients underwent and completed both of the Revised Neurological Examination for Subtle Signs. In the ADHD group, 28 right handed children, 3 left handed children and 4 children with mixed laterality were identified. The significant reduction of neurological soft signs was demonstrated in 21 from a total of 26 items during MPH therapy which are presented in [Table 1](#T1){ref-type="table"}. In the other items no significant differences of NSS were found (dysrhythmia left side p=0.221, impersistence total score, p=0.056, patterned speed of movement score left side, p=0.120, overflow with gaits right side, p=0.861 and no overflow with gaits excessive for age was found). The correlation of the asymmetrical error score and laterality was studied and the number of errors in the NSS examination was significantly higher on the predominant side before (r=0.379, p=0.0248) and also after treatment (r=0.345, p=0.0424).

MPH dose and the efficacy of treatment
--------------------------------------

The relationship between NSS improvement, MPH dose and the improvement of the degree of ADHD symptomatology was studied. Correlation analysis found no significant relationships in following parameters: between MPH dose and ADHD improvement (r=-0.018, p=0.918), MPH dose and NSS improvement (r=-0.060, p=0.732) and NNS improvement and ADHD improvement (r=-0.129, p=0.46).

DISCUSSION
==========

The major finding of this study was a significant improvement of ADHD symptomatology and NSS during four weeks of MPH treatment without any significant relationships to the MPH dose. ADHD improvement was not significantly related to the improvement of NSS.

Our results are in agreement with the other studies that revealed a positive effect of methylphenidate on ADHD symptomatology.[@B21][@B22][@B23][@B24] With respect to NSS, the improvement or complete resolution in children with ADHD was firstly demonstrated by Lerer and Lerer[@B7] after a 60-day MPH treatment. Another study demonstrated the effectiveness of persistent administration of MPH on deficits in motor timing in ADHD children and repeatedly showed new possibilities of this medication from the domain of attentional and inhibitory functions to the domain of motor functions.[@B25] The results of our study confirmed these findings, but in contrast, the presented study included more adolescent patients and used a different type of MPH-extended-release methylphenidate.

The specific CNS region underlying NSS symptomatology is still not fully explained. All errors in particular items of NSS examination are related with planning and controlling action. The motor planning is linked to the pre-supplementary motoric area (pre-SMA) and connections between the prefrontal cortex, basal ganglia and cerebellum.[@B26][@B27] Motor control depends on the cerebellum, especially with connections to pre-SMA and the primary motor cortex.[@B28] From this perspective, the frequently examined age-inappropriate overflow movements are probably a reflection of immaturity of the cortical systems involved in automatic inhibition.[@B29] Furthermore, the effect of MPH in the treatment of NSS is supposed on the dopamine reuptake in basal ganglia, cerebellum and cerebral cortex interconnection.[@B5] Therefore, it could be considered that MPH acts in similar regions and may improve NSS.

To the best of our knowledge, the relationship between the dose of MPH and the efficacy of treatment of NSS were not sufficiently described. Our results did not find a relationship between the MPH dose and the improvement of NSS as well as ADHD symptoms. The findings could have been distorted by the dosage of MPH, not random, but corresponding to the clinical state of the patients during the first week (titration of the MPH dose according to the manifestation of ADHD symptoms). However, we did not take into account the severity of NSS symptoms during the dosing of MPH and a higher dose did not cause a greater reduction of NSS. For this reason we could hypothesize that the dose of MPH is not principal in the efficacy of NSS treatment.

However, individual sensitivity to MPH could play an important role. It is well-known that this personal sensitivity is known in the treatment of ADHD in which some children respond and others do not respond to MPH.[@B30] Song et al.[@B31] found that younger patients need a large dose to control ADHD symptoms. Clatworthy et al.[@B32] showed that effect of MPH on reversal learning and spatial working memory depends on individual differences in dopamine receptors with availability in post-commissural caudate and in the ventral striatum. Given these findings we might speculate that different personal sensitivity to methylphenidate also affects NSS treatment.

Interestingly, we found that the effect of MPH on independent NSS and ADHD symptomatology is different in the same sample of patients. We demonstrated no relationship between the improvement of NSS and ADHD symptomatology. Even a negative correlation in our results indicates that less improvement of ADHD symptomatology is connected with higher improvement of NSS and vice-versa. We might speculate that different MPH action on ADHD and NSS could be caused by do-pamine reuptake in independent areas-in the prefrontal cortex and striatal circuits in the domain of attentional and inhibitory functions and in basal ganglia, cerebellum and cerebral cortex interconnection in the domain of motor functions.[@B5][@B33] Other reasons for the independent improvement of NSS and ADHD could be the difference in dynamic reactivity during a time period (e.g., a faster effect of MPH on ADHD symptomatology than on NSS or vice-versa), or different severity of these symptomatologies before treatment (e.g., more exaggerated NSS than ADHD symptoms or vice-versa).

Our findings showed that MPH could help in the treatment of clumsy child syndrome, which is very often part of a complex symptomatology of ADHD. It seems that the dose of MPH does not play a dominant role in this improvement and we should always predict reduction in NSS during MPH treatment, independent of dose. According to our results of a non-significant relationship between the improvement of ADHD core symptomatology and NSS we could hypothesize that MPH might have an effect on clumsy child syndrome not only in ADHD responders, but also in non-responders. The revised PANESS is easily achievable and an inexpensive examination with high reliability,[@B34] and it can help to assess the response to treatment in a specific group of ADHD patients with exaggerated clumsy child syndrome.

We suggest that further research with a large number of patients is needed, in particular with respect to the NSS examination in ADHD non-responders to methylphenidate. Furthermore, we assume that longitudinal study into adult-age patients is needed due to their potential NSS manifestation. Finally, our findings may be confronted with further studies using neuroimaging methods, which could be beneficial for understanding this issue better.

In conclusion, a significant effect of MPH was demonstrated on ADHD symptoms and NSS with both improvements reached independent of each other. Moreover, ADHD and NSS improved independently to the dose of MPH, indicating that the dosage could play no significant role in the efficacy of treatment. We suggest that these findings may help elucidate the MPH effect on the complex ADHD-neurological interaction.
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![The influence of orally administered methylphenidate over one month in a dose 0.104-1.364 mg/kg on ADHD symptomatology. The value labeled as T1 represents the mean ADHD RS-IV score before methylphenidate application and T2 represents the mean ADHD RS-IV score after methylphenidate treatment. Error bars represent standard errors of the mean (±SD). ^\*^p\<0.05 compares the decrease to T1. ADHD: attention deficit hyperactivity disorder, ADHD RS-IV: ADHD Rating Scale-IV, parent version questionnaire.](pi-12-545-g001){#F1}
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